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F i n a l  Report 
Any process which w i l l  produce neutrinos i s  of great i n t e re s t  i n  
s te l lar  evolution. Since it ha5 been possibLe to create a rensrmalizable &# 97 
intermediate vector boson theory, we have attempted t o  apply it t o  processes 
that have previously been inaccessible t o  ready canputation. Thus, we have 
considered the  neutrino form factor  which leads t o  neutrino emission via t he  
I process Y (plasmon) 4 v + i~ and 
y + y  - + v  + v .  
. 
However, t h e  l a t te r  can a l so  be calculated on the  bas i s  of the  con- 
served vector current i f  one of t h e  photons i s  a coulomb photon, i . e .  
y + z + z  + v  + T  
where Z i s  a nucleus of charge Z ,  assumed t o  be in f in i t e ly  heavy. If the  
2 coulomb photon is replaced by a r e a l  photon, the m a t r i x  element vanishes . 
This process w a s  calculated by Matinyan and  Tsilosani . Their result i s  
clearrly incorrect since it  is not  gauge invariant.  We have t h u s  recalculated 
t h i s  process*. 
3 
By v i r tue  of the conserved vector current liypothesis, and the current-  
current interact ion hypothesis, there  i s  a term i n  the  weak in te rac t ion  
hamiltonian of t he  form 
where YQ i s  t h e  lepton f i e l d  a n d "  is  t h e  corresponding neutrino field. 
"4 
* After  completion of t h i s  work, w e  discovered t h a t  t h i s  process was 
calculated correct ly  by L. Rosenberg, Phys. Rev. 129, 2786 (1963) 
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* .  
b 
a “he lepton in t e rac t s  with the  electromagnetic f i e l d  v i a  t h e  in te rac t ion  
Hence there  are two diagrams 
I I1 
-3- 
Gauge invariance imposes the conditions 
d 
H, We can write i n  terms of the  folluwing eight form factors :  
As w i l l  be seen, F and F are i n f i n i t e  and require a renormali.zation; a l l  
other form fac to r s  are f i n i t e .  However, because of the  requirement of gauge 
invariance, we s h a l l  see t h a t  F1 and F 2 
others  and thus,  we s h a l l  arr ive a t  a f i n i t e ,  gauge invariant,  renormalized 
r e s u l t .  
1 2 
can be eliminated i n  terms of t h e  
kpH;V = ‘1 ‘ g p V w  k, g o  Fl E d V f A  9 $A k2 
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I . 
Thus, we replace F by k*q F8 and F1 by q 2 Fb + k-q F We must now compute 
2 5 '  
F3, F4, F5) F6, F7, F8. A s  we shall see,  F and F never appear. 3 4 
Performing the indicated operations 
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c - Making use of 
s ince  F = F8. 5 
and thus e . ( k - t >  = ~ . . i v t 3 )  = 0 .  
But k - q = v + ij 
r( 
‘ Let 
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F = F  + F  6 8  
Thus 
I g ” A 4  = ; 2 . t h u s ,  
H = i G 24.‘ gF F(Z,”g? a ” * Z s E  
To obtain a cross-section we need Kk 
-a- ’ .  
* Thus, 
Hence, 
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-u- 
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This value of0 is very good for muonneutrinos for a l l  values of k of 
interest in astrophysics since KT- 1 MeV in the problems of interest and 
mA = 104 MeV. But for electron neutrinos this is not correct. 
The luminosity in this case is 
where N is average number density of elements in the star and -2 Z is the 
average charge of the elements, i.e. 
and Then, 
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? 
Thus , 
For other values of k, F (k,q)  i s  being evaluated on a computer 
and the  neutrino luminosity computed as w e l l .  
Matinyan and Tsilosani estimated the process Y + Y + v + 
making use of t h e  intermediate vector boson. 
not gauge invariant  and, thus,  incorrect. 
of t h i s  process. 
That r e su l t  is  a l so  c l ea r ly  
We have s t a r t e d  the evaluation 
The diagrams which contribute we 
I .  
0 
I11 
I1 
Iv 
and the same diagrams with kl el and k2 e2 interchanged. 
vanishes. 
The last diagram 
Thus, we need only consider diagrams I, 11, 111. 
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h, 
x 
Y 
Note t h a t  all matrix elements are f i n i t e  i f  integrated symmetrically 
since then the  most singiilar piece of the in t eg ra l  behaves l i k e  
-
The in tegra ls  w i l l  be evaluated by computer and the cross-sections and 
neutrino luminosit ies computed. 
-16 - 
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